These authors do not allow such a variation to the second molar in this country, but I think it is sometimes present in the better developed dentition of the native of India. Two or three of these specimens appear to be second molars.
These authors do not allow such a variation to the second molar in this country, but I think it is sometimes present in the better developed dentition of the native of India. Two or three of these specimens appear to be second molars.
The extra root is always lingual, and generally in alignment with the posterior root, but is obviously not produced by bifurcation of that root. Most of the specimens are from indigenous Indians, but some are Eurasian, and two at least British. The condition is so frequent and so true to type as to suggest a variation (the term used by the authors referred to) rather than an abnormality. The fact that, as mentioned above, it occurs in the deciduous dentition is of special interest in this connexion. FIG. 2. In contrast with the wealth of lingual-rooted lower molars, I have only one in which there is the slightest tendency to bifurcation of the anterior root. This is the third molar, and I include it with the others. I suspect this bifurcated anterior root of being a myth, arising from the anterior root having two canals. In this connexion, I fancy that the lower incisors in this country frequently present two canals, the flattening of the roots often being exaggerated to the extent of grooving on the approximal surfaces. I also exhibit a section of such a double canal in a lower lateral, extracted on account of inward displacement. I have never come across a double-rooted lower canine. [February 23, 1925. A Report on Certain Drugs and Solutions used in Local Anesthesia.
By F. N. DOUBLEDAY, L.R.C.P.Lond., M.R.C.S., L.D.S.Eng.
IN previous communications1 I have described the technique used by me in the production of local aniesthesia. To-night the following are the objects of this report: 1 F. N. Doubleday on " Local Anesthesia," Guy's Hosp. Gaz., 1907, p. 98; " On Local Anesthesia in (1) By evidence as to the chemical structure and reactions of certain drugs, to lay a more solid foundation of knowledge regarding their use; and to enable dental surgeons and others to estimate more effectually the probable value of new drugs recommended as local ansesthetics.
(2) To offer evidence as to the causation of minor discomforts, such as stiffness, swelling, and after-pain; these being, in the experience of your reporter, the only illeffects following the use of local anasthetics for dental and minor surgical operations.
(3) To draw practical deductions from the observations made.
The main course of my experiments has been directed towards the use of novocain, but in order to provide means of comparison the following drugs have also been employed: stovaine, alypin, atropine, butyn, ,B-eucaine, cocaine, adrenalin, strychnine, and caffeine. The modern synthetic preparations employed are -al substances obtained by studying the cocaine molecule. It will be noticed that the molecule contains a tertiary amine group N(CH3), a benzoyl derivative (0615), group derived from a secondary alcohol, and an ester.
The alkaloid cocaine, on hydrolysis with alkalies, yields ecgonine, benzoic acid and methyl alcohol.
C17H2NO + JH20 = C6H5 -COOH + CH80H + C9H15 NOB Cocaine Water Benzoic acid, Methyl Alcohol Ecgonine.
Ecgonine has been shown by WillstatterI to be the carboxylic acid of tropine. Tropine is one of the alkaloids derived from belladonna, and it is an optica-lly inactive acid.
By comparing the graphic formulhe of these substances we shall see how they are built up, and it will be seen that each of them contains the same primary grouping, and that these local anesthetic drugs are obtained by alterations in one or two groups of atoms while the basal group remains. I am much indebted to Professor Gibson, of Guy's Hospital, who helped me with the preparation of the chart of the structural formulae of local anesthetic drugs which is shown. When we see complex molecules like this, we need to visualize the manner in which substances of such a large molecular weight can diffuse through cell membranes, and become attached to the cell protoplasm producing its effects-in this case local loss of both sensory and motor function-and also to the manner in which it is eliminated. The difficulty of investigation lies in the fact that one cannot analyse what happens in a living cell. Ehrlich has helped us to picture it. He says that every cell has a number of side-chains which have a selective affinity with certain other sidechains of the molecules of food, toxin, drug, &c., with which they come into association. In tetanus the haptophore (or linking group) of the toxin will combine with the side-chains of cells of the central nervous--system only. We may picture the side-chains of a very rotund person as having a special affinity for fats, while those of a thin person combine with lipoids very indifferently. In the same manner local anassthetics must be thought of as needing side-chains which will combine with the protoplasm of cellular tissues and also as having other side-chains, which produce anesthesia, drowsiness, instability, &c., immediately or more remotely as they are broken up, and the liberated side-chains produce effects other than that of the original drug. Doubtless drugs like novocain will act on the terminal fibres of nerves or on the cells of the central nervous system. In dental practice we interrupt the passage of both efferent and afferent nerves by injecting solutions into the neighbourhood of a nerve trunk in any part of its course. This implies that the drug acts upon the axis-cylinder process. It is a constant experience when mandibular nerve blocks are done that the fibres of the mental nerve supplying the lip become gradually anEesthetized first; then the touch sensations of the periodontal membrane and bone go and finally the nerves to the pulp become insensitive.
To me this means that in the nerve-bundle constituting the inferior alveolar or dental nerve the fibres going to supply thQ skin of the lip are peripherally placed, those to the periodontal membrane constitute a deeper layer of nerve fibres, while those supplying the tooth pulp are centrally placed. Moreover it implies that it takes a drug in a local aniesthetic solution a definite period of time to penetrate the nerve-bundle. Here the drug must anchor itself to the tissues. It is then gradually eliminated-whether in its original form or as dissociation compounds is not known. There is one piece of evidence which suggests that the drugs are broken up in the tissues. When a large dose of novocain has been given, the patient often complains of drowsiness for several days after the injection, sometimes patients say they have been obliged to sleep for some hours. This is due to the action of the benzoyl group of the novocain molecule.' As the ancesthetic effect of the novocain molecule has passed it may be evidence that the novocain molecule is broken up and that the action of the benzoyl group on the central nervous system is persisting. One of the factors influencing the diffusion of the drug must be the acidity or alkalinity of the solution employed. Dr. Coles, of the Biological Laboratories at Cambridg(, and Dr. Walker, of Guy's Hospital, were kind enough to examine the PH reaction of the novocain solutions I employed. Both reported similar results. The PH reaction of the blood is 7T44, that of a 1i per cent. solution of novocain in Ringer's solution is 6'8, that of novocain and adrenalin in Ringer's solution is 6'6. I have also done a number of experiments in mixing blood with' the various solutions of novocain. Some of the results are exhibited under the microscopes to-night. They tend to show that the usual solution of novocain in Ringer's solution is too concentrated and causes crenation of the cells. This must be a cause of after-pain and local swelling in practice. Most interesting results have recently been published by Krogh2 showing that there are muscle cells upon the capillary vessels which have the power of altering their calibre. He has shown that quite dilute solutions of adrenalin produce stasis in the capillaries, and waterlogging of the affected part. This helps to explain the manner in which adrenalin localizes the action of local anesthetic drugs, and also the way in which it may contribute to after-swelling and discomfort. During this winter, I have myself had twelve mandibular regional injections, and my nurses and some of the students at Guy's have also had them without knowing what was being injected. I think there is little doubt that at the time of injection one knows whether adrenalin is in the solution or not, and the longer duration and greater depth of the anaesthesia are important indications of the presence of adrenalin in the solution. None of us experienced any toxic effects from these injections.
It has been suggested that the temperature of the injected fluid varies sufficiently from that of the body to be a cause of pain.
Experiment.-A thermometer is kept in a tumbler of water at 370 C., so that the initial temperature of the thermometer may accurately represent that of the body.
An ordinary novocain and adrenalin solution (two E tablets in 3 c.c. 50 per cent. Ringer) is prepared by boiling and is loaded into a cold all-metal syringe, a dummy head is screwed on, the upper part is removed, and the thermometer is inserted into the fluid. The temperature will be found to be within a degree of normal body temperature.
Another important experiment deals with the evaporation of the conveying solution. For some years past, open mugs have been supplied for boiling local ancesthetic solutions. If 3 c.c. of fluid are put into these mugs and they are allowed to -boil freely for a minute, an appreciable loss of fluid by evaporation occurs. This must result in the injection of a fluid which is too concentrated and is likely to cause crenation of the tissue cells, resulting in local stiffness, swelling and discomfort.
12May, " The Chemistry of Synthetic Drugs," p. 19; Martindale, "Extra Pharma¢opaeia," xi, p. 257.
Where glass test tubes are used for boiling solutions the vapour re-condenses on the cool part of the tube and runs back, so that no loss of the solvent is likely to occur.
Effects of pressure are shown by the following sections of frog and rabbit muscle injected under varying degrees of pressure. For all the animal experiments a Sykes' syringe was employed; this enables the fluid to be injected minim by minim and, as you see, the injection may be made very slowly, so that the fluid accumulates as a minim on the end of the needle and under pressure, and the injecting fluid therefore flies violently out. If injection is made under pressure into muscle, the fibres are separated and much pain will be caused by tension of the sensory nerve-fibres; this is confirmed by clinical experience. We need to take tbo greatest care to avoid injecting into muscles like the internal pterygoid, the facial muscles, or the areolar tissue of the palate. The injection of air under pressure will have a similar effect.
Further series of experiments have been devised to show the effect of the local anesthetic drugs and solutions on living tissues. Much important work has already been done on this subject, but the drugs have been either applied directly to the heart, or injected into the blood-stream. The new feature of the present experiments is that the injection has been made into connective tissue, so that absorption by the local tissue-cells must precede the manifestations of the action of the drug on the heart.
In endeavour'ing to ascertain the possible toxic effect of local arneesthetic solutions I determined to obtain a series of heart tracings from decerebrated frogs, and to check these as far as possible by control observ'ations upon man. In all I obtained eighty-three graphic records of the frog's heart, and as these were independently made by three separate workers (Mr. MacLagan, Mr. Baker and myself) who agreed as to their results, I think the evidence should be accepted as good. I chose the frog for these experiments because it is easy to decerebrate an-d to handle. It was possible to get a broader statistical basis with the frog; had mammals been used only a small number of observations could have been made. It was necessary first to ascertain what was a normal dose and what was the period of recovery for a frog. A decerebrate frog is passive and sluggish, but when stimulated by light pressure from behind, it jumps straight ahead and lands on its four legs like a normal frog.
Injections of 1J per cent. novocain and adrenalin were made into the right leg in a direction away from the pelvis. Now when the frog was stimulated to jump it swerved towards the paralysed side and no longer jumped straight; when placed on its back it resumed the ventral position by always pushing itself over from the left or unparalysed side; a decerebrate but uninjected frog can be induced to turn from either side. By varying the dose of the drug and observing the reactions of the frog as described above, I concluded that a frog will recover from five minims of the solution in one hour. This is a larger dose proportionately to the body weight than would be given to a human subject, but the depth and duration of anaesthesia correspond closely to the results of a submucous injection in man, and it was decided to take this dosage and strength as the basis for observation. The next step was to obtain kymographic tracings of the hearts of frogs which had been decerebrated, but not injected, as controls. Fig. 1 shows such a record taken at intervals of fifteen minutes for an hour; then the frog's body was wrapped in cloth soaked in normal saline, and a record made fifteen hours later. It will be seen that although there is some loss of the sharpness of the cardiac curves, the amplitude of the contractions is well maintained. This is typical of similar control records, and shows that if the frog's body is kept moist the heart will continue to beat with little alteration for many hours. Control records were also obtained after dorsal injection of five minims of normal saline, with similar results. The next step was to inject a series of twenty-five frogs with five minims of novocain and adrenalin solution. The injection of local an_sthetic solutions in human subjects is made into connective tissue; injections into blood-vessels are carefully avoided. To secure a like result, the solutions were injected into thne connective tissue of the frog's back, and six dissected frogs, with the hypodermic needles still in situ, are now exhibited to show you exactly where these injections were made. The exigencies of my hospital work compelled me to carry on this work from September to February; it was therefore done on winter frogs at the temperature of the physiological laboratories at Guy's Hospital.
The method employed was to decerebrate the frog, expose its heart, place it on the recording table and take a normal tracing, noting on the record the date, designation of the frog by serial letters, sex and approximate weight of the frog, and the time. The injection was given, and the time, drug, dosage and solvent noted.
Records were then obtained after fifteen, thirty and forty-five minutes, and sometimes after several hours. The frogs were completely killed after the experiments had been carried out, histological sections being made from their bodies in some cases. Of these twenty-five frogs the heart tracings of thirteen showed little effect from the injection (fig. 2) ; twelve showed definite slowing and failure of the heart's action ( fig. 3) ; only one of the twelve gave evidence of recovery. It was now necessary to discover whether these twelve cases were affected by the novocain, or by the adrenalin, or only when both were used together. Ten frogs were injected with novocain only (fig. 4) ; nine of them showed little or no effect, one showed evidence of heart failure.
When adrenalin is injected alone a very different picture is seen (figs. 5, 6, 7).
With an injection of 5u%U5 adrenalin chloride there is a slowing of the heart-beat and a loss of the sharpness of the systolic and diastolic curves. When xsc adrenalin chloride solution is injected, this becomes more definite and the relative amplitude of the heart's action becomes much less. With rz? u adrenalin these changes naturally become much more obvious. These results are in contradiction to those of various writers who have reported that adrenalin produces an increased contraction of the heart-muscle. It is interesting to find that of four frogs, each injected with 5 minims of a 1' per cent. solution of cocaine hydrochloride, without adrenalin, only one showed evidence of heart failure. I then tried injecting novocain and adrenalin along with various drugs which might act as antidotes to the adrenalin. Caffeine citrate, strychnine sulphate, and atropine sulphate were tried, and of these atropine sulphate gave by far the best result. Since the action of the atropine is to prevent the slowing of the heart by inhibiting the action of the vagi, it is suggested that the adrenalin has a directly depressing action on the nerve-endings or muscle-fibres of the heart.
In all the frog experiments strict precautions were taken to avoid hemorrhage; the heart was kept moist and rested between the tracings. The experiments dealing with the isotoxicity of solutions were reserved for next year. N.B.-I must gratefully acknowledge the kindness of Professor Pembrey, who allowed me the use of his laboratory, and the assistance which I received in the experimental work from Mr. McGlagan, Mr. Kenaar, Miss Butler and Mr. Baker.
FIG. 5.
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